Skeletal muscle from strength-and endurance-trained individuals represents diverse adaptive states. In this regard, AMPK-PGC-1α signaling mediates several adaptations to endurance training, while up-regulation of the Akt-TSC2-mTOR pathway may underlie increased protein synthesis after resistance exercise. We determined the effect of prior training history on signaling responses in seven strength-trained and six endurance-trained males who undertook 1 h cycling at 70% VO 2peak or eight sets of five maximal repetitions of isokinetic leg extensions. Muscle biopsies were taken at rest, immediately and 3 h postexercise. AMPK phosphorylation increased after cycling in strength-trained (54%; P<0.05) but not endurance-trained subjects. Conversely, AMPK was elevated after resistance exercise in endurance-(114%; P<0.05), but not strengthtrained subjects. Akt phosphorylation increased in endurance-(50%; P<0.05), but not strengthtrained subjects after cycling but was unchanged in either group after resistance exercise. TSC2 phosphorylation was decreased (47%; P<0.05) in endurance-trained subjects following resistance exercise, but cycling had little effect on the phosphorylation state of this protein in either group. p70S6K phosphorylation increased in endurance-(118%; P<0.05), but not strength-trained subjects after resistance exercise, but was similar to rest in both groups after cycling. Similarly, phosphorylation of S6 protein, a substrate for p70 S6K, was increased immediately following resistance exercise in endurance-(129%; P<0.05), but not strength-trained subjects. In conclusion, a degree of "response plasticity" is conserved at opposite ends of the endurancehypertrophic adaptation continuum. Moreover, prior training attenuates the exercise specific signaling responses involved in single mode adaptations to training. including mitochondrial biogenesis (2), a fast-to-slow twitch fiber phenotype transformation (3), a decreased reliance on carbohydrate-based fuels during submaximal exercise (4), and improved whole-body aerobic capacity (VO 2max ) (5). In contrast, strength/resistance training has minimal effect on the muscle fiber phenotype (6), VO 2max (7), or patterns of substrate utilization during submaximal exercise. Strength/resistance training and some forms of high-intensity intermittent stimulation are associated with an increase in protein synthesis (8, 9) and substantial muscle hypertrophy (10) that promotes gains in maximal force output, whereas endurance training does not promote muscle hypertrophy or increase the force-output ability of muscle (11).
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Although the molecular signaling mechanisms that transduce the effects of contractile activity to modify the skeletal muscle phenotype and function are incompletely understood, a number of pathways have been implicated. For example, activation of the 5′ AMP-activated protein kinase (AMPK)-peroxisome proliferators-activated receptor gamma coactivator 1α (PGC-1α) signaling pathway may partly explain some of the adaptations to endurance training, while selective upregulation of the protein kinase B (PKB/Akt)-tuberous sclerosis complex 2 (TSC2)-mammalian target of rapamycin (mTOR) cascade may underlie the increase in skeletal muscle protein synthesis and growth observed after resistance training (12) . While the chronic, training-induced adaptations in skeletal muscle are the result of the cumulative effect of repeated bouts of exercise, the initial signaling responses that promote long-term adaptations are likely to occur after each training session (13) . Accordingly, we determined the early signaling events in skeletal muscle that are elicited in response to different types of contractile stimuli (e.g., endurance and strength training). Using a unique design in which athletes from different training backgrounds (i.e., chronically endurance-or strength-trained) undertook exercise in their habitual training mode, and "crossed over" to perform an acute bout in a nonfamiliar exercise discipline, we characterize the acute signaling events underlying the specific adaptations to diverse modes of contractile activity associated with endurance and strength training.
MATERIALS AND METHODS

Materials
Monoclonal anti-phospho-extracellular regulating kinase 1/2 (ERK1/2, P-Thr 202 /Tyr 204 ), polyclonal anti-AKT/PKB (P-Ser 473 , p-Thr 308 ), were from New England BioLabs (Beverly, MA). Polyclonal anti-p-Tuberin/TSC2 (Thr 1462), Phospho-AMPK (Thr-172), polyclonal antiribosomal protein S6 kinase 70 kDa (p70 S6K, Thr389) kinase, polyclonal anti-phosphoeukaryotic translation initiation factor 2 β (eIF2B, Ser 540 ) and polyclonal anti-phospho-p38 (PTyr 188/182 ) were from Cell Signaling Technology, Inc. (Beverly, MA). Enhanced chemiluminescence reagents were from Amersham Biosciences (Buckinghamshire, UK). Other reagents are from Sigma Chemicals (St. Louis, MO).
Subjects
Thirteen trained male volunteers participated in this investigation. Six subjects were cyclists who had been participating in regular endurance training for 8 years. These subjects did not undertake any form of resistance training. The other seven subjects were power-lifters who had been participating in regular strength/resistance training for 9 years and did not participate in any kind of endurance training. Characteristics of subjects from the two diverse training backgrounds are displayed in Table 1 . The experimental procedures and possible risks associated with the study were explained to each subject, who all gave written informed consent prior to participation. The study was approved by the Human Research Ethics Committee of RMIT University.
Overview of study design
The study consisted of a crossover design. All subjects performed two different exercise-testing protocols in randomized order: one experimental trial was undertaken in the subject's habitual training discipline, while the other trial was performed in a nonfamiliar exercise mode.
Preliminary tests
Peak oxygen uptake (VO 2peak )
Peak oxygen uptake (VO 2peak ) was determined during an incremental maximal cycling test to volitional fatigue on an isokinetic Lode bicycle ergometer (Groningen, The Netherlands). Briefly, the test protocol commenced at an intensity equivalent to 3.33 W·kg −1 or 2.5 W·kg −1 of body mass (BM) for endurance-and strength-trained subjects, respectively. This workload was maintained for 150 s then increased by 50 W for the second workload and 25 W every 150 s thereafter until subjects reached volitional fatigue, defined as the inability to maintain a cadence >70 rev/min. Throughout the maximal test breath-by-breath expired gas was passed through a flowmeter, an O 2 analyzer, and a CO 2 analyzer (Med Graphics, St. Paul, MN) that was calibrated before testing using a 3-L Hans-Rudolph syringe and gases of known concentration (4.00% CO 2 and 16.00% O 2 ). The flowmeter and gas analyzers were connected to a computer that calculated minute ventilation, oxygen uptake (VO 2 ), CO 2 production (VCO 2 ), and respiratory exchange ratio (RER) from conventional equations.
Maximal strength
Maximal concentric and eccentric strength was determined using seated leg extensions, performed on a Kin-Com isokinetic dynamometer (Chattanooga, TN). The subject's right leg was strapped to the actuator arm immediately superior to the lateral malleolus of the lower leg with the lateral condyle of the femur visually aligned to the fulcrum of the actuator arm.
Contractions were performed at 30°·s −1 , and subjects were instructed to extend their leg and resist the actuator arm with maximal effort during repetitions. Exercise range of motion was 85°, with leg extension endpoint set at -5° from full extension. Real-time visual feedback was provided for all repetitions. Quadriceps strength was determined during a series of 3-repetition maximal leg extension sets with each set separated by 120 s. Each individual 1-RM was defined as the peak torque (N·m) recorded during the concentric and eccentric contraction phases of the test protocol.
Diet/exercise control
Twenty-four hours before each exercise testing session (described subsequently), subjects refrained from vigorous physical activity and were provided with standardized prepacked meals that consisted of 3 g CHO·kg −1 BM, 0.5 g protein·kg −1 BM, and 0.3 g fat·kg −1 BM, to be consumed as the final intake the evening before reporting for an exercise testing session.
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Exercise testing session
On the morning of a testing session, subjects reported to the laboratory in a 10-12 h overnight fasted state. After resting quietly in a supine position for 10 min, local anesthesia (2-3 ml of 1% Xylocaine (lignocaine)) was administered to the skin, subcutaneous tissue, and fascia of the vastus lateralis in preparation for muscle sampling. A resting biopsy was taken by using a 6 mm Bergstrom needle with suction applied (14) . Approximately 100 mg of skeletal muscle was removed and immediately frozen in liquid N 2 . At this time, separate sites on the same leg (~5 cm distal) were prepared for subsequent sampling. Biopsies were taken from the left leg when subjects performed the cycling exercise session and the right leg for the resistance training session. Immediately upon completion of each exercise testing session, a second biopsy was taken and then subjects rested in a supine position for 3 h. At the end of the 3 h recovery period, during which time the subjects were only allowed access to water, a third biopsy was taken. Every attempt was made to extract tissue from approximately the same depth in the muscle and to freeze the sample in liquid N 2 within 10 s. Samples were stored at -80°C until subsequent analysis.
Cycling exercise session
Subjects performed 60 min of continuous cycling at a power output that elicited ~70% of individual VO 2peak .
Resistance exercise session
Maximal voluntary isokinetic single leg extensions were performed on a Kin-Com dynamometer (as described previously). Subjects performed eight sets of five repetitions at maximal intensity, separated by a 3 min recovery period. Peak and mean torque were recorded for each leg extension set.
Analytical Procedures
Total RNA isolation and reverse transcription
Total RNA from ~20 mg of wet muscle was isolated using the ToTALLY RNA Kit (Ambion, Austin, TX) protocol and reagents. Total RNA concentration was determined spectrophotometrically at 260 and 280 nm. RNA was reverse transcribed to synthesize firststrand cDNA using AMV reverse transcriptase (Promega, Madison, WI), as described previously (15) . The cDNA was stored at -20 ο C for subsequent analysis.
Primer design and mRNA quantification
Peroxisome proliferator-activated receptor gamma coactivator 1α (PGC-1α) primers were designed using Primer Express software version 2.0 (Applied Biosystems, Foster City, CA) from GenBank sequence accession no. NM_013261. Primer specificity was confirmed using BLAST (16) . Primers were purchased from GeneWorks (Adelaide, SA, Australia). Primer efficiency (E) of each target amplification for a series of dilutions was calculated using E = (10
Primers demonstrated efficient amplification.
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Real-time PCR was performed using the GeneAmp 5700 Sequence Detection System (Applied Biosystems). Reaction volumes (20 μl) contained 2 × SYBR Green PCR Master Mix (Applied Biosystems), forward and reverse primers, and cDNA template (diluted 1:40). Samples were run in duplicate for 1 cycle (50°C 2 min, 95°C 10 min) followed by 40 cycles (95°C 15 s, 60°C 60 s) and fluorescence emissions were measured after each cycle. A melting point dissociation curve was generated to confirm single product amplification. Expression of the gene of interest was calculated by subtracting the C T of the target gene for a given sample from the C T of the appropriate control sample. Expression of the gene of interest relative to control was calculated using the expression 2 -ΔCT .
Western blot analysis
Skeletal muscle biopsies were freeze-dried overnight and dissected under a microscope to remove visible blood, fat, and connective tissue. Skeletal muscles were homogenized in ice-cold homogenization buffer containing 50 mM HEPES, pH 7.5, 150 mM NaCl, 5 mM EDTA, 10 mM sodium pyrophosphate, 2 mM sodium vanadate, and a protease inhibitor cocktail (1 mM phenylmethylsulfonyl fluoride, and 10 µg/ml each of aprotinin, leupeptin, and pepstatin). The lysate was kept on ice for 30 min and subjected to centrifugation at 12,000 g for 10 min at 4°C. Protein concentration was determined with a BCA Protein Assay (Pierce, Rockford, IL). Aliquots of lysate (20 µg of protein) were resuspended in Laemmli sample buffer. Proteins were then separated by SDS/PAGE, transferred to polyvinylidenedifluoride membranes (Millipore, MA), blocked with 7.5% nonfat milk, washed with TBST (10 mM Tris HCl, 100 mM NaCl, 0.02% Tween 20), and incubated with appropriate primary antibodies overnight at 4°C. Membranes were washed with TBST and incubated with an appropriate secondary antibody. Both training groups were run on the same gel. Proteins were visualized by chemiluminescence and quantified by densitometry. The amount of phosphorylated proteins of the densitometric quantification is expressed as arbitrary units.
Statistical analysis
Differences in subject characteristics and exercise performance were determined using two-tailed t test assuming unequal variances. Real-time PCR mRNA, and immunoblot phosphorylation and protein data are expressed in arbitrary units. Differences between means were determined by a one-way ANOVA with Newman-Keuls post hoc test (GraphPad Prism version 3.0). All values are expressed as means and standard error (SE) with the critical level of significance established at P < 0.05.
RESULTS
Exercise performance
The average power output corresponding to ~70% of VO 2peak for the 60-min cycling exercise session was 242 ± 11 vs. 168 ± 10 W for endurance-and strength-trained subjects, respectively (P<0.001). Four strength-trained subjects were unable to complete the prescribed workload during the cycling bout. In these cases, power output was reduced to 60% of VO 2peak after 30 min for the remainder of the prescribed exercise time. Peak force during the isokinetic resistance exercise session was 263 ± 10 vs. 190 ± 4 N for strength-and endurance-trained subjects, respectively (P<0.001).
Signaling responses
AMPK
Phosphorylation of AMPK increased immediately after cycling exercise in strength-trained (54%; P<0.05, Fig. 1A ), but not endurance-trained subjects. Conversely, AMPK phosphorylation was increased immediately postexercise in endurance-(114%; P<0.05, Fig. 1B ), but not strengthtrained subjects after resistance exercise. Effects on AMPK phosphorylation were lost within 3 h recovery following both exercise modes.
Akt-TSC2
After cycling exercise, Akt phosphorylation on Ser 473 was increased in endurance-(50%; P<0.05), but not strength-trained subjects ( Fig. 2A) . The level of Akt phosphorylation on Thr 308 was unchanged (data not shown). After 3 h of recovery, Akt phosphorylation decreased below resting values in endurance-trained subjects (67%; P<0.01). Akt phosphorylation was similar between strength-and endurance-trained subjects after resistance exercise (Fig. 2B) . TSC2 phosphorylation was unaltered after cycle exercise in either strength-or endurance-trained subjects (Fig. 2C) . However, after resistance exercise, TSC2 phosphorylation was decreased in endurance-trained subjects immediately postexercise (47%; P<0.05), an effect that persisted for 3 h recovery (40%; P<0.05, Fig. 2D ).
EIF2B-P70 S6K
Cycling exercise induced a significant decrease in eIF2B phosphorylation in strength-trained (P<0.01, Fig. 3A ), but not endurance-trained subjects. EIF2B phosphorylation in strength-trained subjects was decreased immediately postexercise (78% P<0.01), and this effect was maintained after 3 h recovery (63%; P<0.01, Fig. 3A) . EIF2B phosphorylation was similar after resistance exercise in strength-and endurance-trained subjects after 3 h recovery (Fig. 3B) . Likewise, p70 S6K phosphorylation was similar between strength-and endurance-trained subjects after 60 min cycling exercise (Fig. 3C) . However, resistance exercise elicited a significant increase in p70 S6K phosphorylation in endurance-trained subjects after 3 h of recovery (118%; P<0.05, Fig.  3D ). Phosphorylation of S6 protein, a substrate for p70 S6K, was increased immediately after resistance exercise in endurance-trained (129%; P<0.05; Fig. 3F ), but not strength-trained subjects.
ERK1/2-p38
ERK phosphorylation after cycling or resistance exercise was similar between strength-and endurance-trained subjects (Fig. 4A and 4B ). p38 phosphorylation was increased in strength-(74%; P<0.001), but not endurance-trained subjects immediately after cycling exercise (Fig. 4C) . In contrast, p38 phosphorylation was significantly increased in endurance-, but not strengthtrained subjects after resistance exercise (28%; P<0.05, Fig. 4D ). All exercise-induced phosphorylation effects were lost after 3 h recovery after both exercise modes.
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PGC-1α mRNA and protein expression responses to exercise PGC-1α mRNA was increased to a similar extent after cycling in both endurance-trained (~8.5-fold, P<0.001) and strength-trained subjects (~10-fold increase, P<0.001). However, there was little effect of resistance exercise on the mRNA expression of PGC-1α. PGC-1α protein content after 3 h recovery from cycling or resistance exercise and was unchanged in strength-and endurance-trained subjects (data not shown).
DISCUSSION
Contractile activity associated with physical exercise stimulates multiple signaling events and induces transient changes in gene transcription (13, 17) . These acute alterations in cellular homeostasis may be responsible for the chronic adaptations that occur in skeletal muscle in response to repeated bouts of exercise (i.e., training). The disparity between the adaptations observed after chronic resistance or endurance training suggests these two types of contractile stimuli induce differential signaling and gene regulatory responses (18) . To test this hypothesis, we used a unique design in which habitually strength-trained and endurance-trained athletes undertook an acute bout of exercise in each of these training modes in order to characterize the specific signaling events associated with diverse modes of contraction. We provide evidence for the highly specialized nature of training adaptation and demonstrate that a degree of "response plasticity" is conserved at opposite ends of the endurance-hypertrophy adaptation continuum.
AMPK-PGC-1α
AMPK is involved in the regulation of numerous adaptive responses, including mitochondrial biogenesis, muscle hypertrophy, and protein synthesis (19) . In response to exercise, isoformspecific and intensity-dependent changes in AMPK activity have been observed in human skeletal muscle (20) . AMPK has been implicated as part of a metabolic switch that, in concert with PGC-1α (21, 22) , promotes mitochondrial biogenesis and an endurance-training-like profile (12) . AMPK phosphorylation was increased in skeletal muscle from strength-trained subjects when nonhabitual cycling exercise was performed and from endurance-trained subjects who undertook nonhabitual resistance exercise (Fig. 1) . These changes in AMPK phosphorylation in human skeletal muscle in vivo contrast with the recent results in rodent skeletal muscle (12) , whereby signaling responses were determined in response to in vitro electrical stimulation. Compared with rest, low-frequency electrical stimulation to mimic endurance training increased AMPK phosphorylation on Thr 172 (relative to total AMPK), while high-frequency electrical stimulation (to mimic resistance training) decreased AMPK phosphorylation (12) .
There are a number of possible explanations for the discordant findings between these studies. The most obvious relates to the use of different loads and stimulation patterns to induce muscle contraction. In vitro electrical stimulation represents an extreme stimulus, likely to exceed any stress that would be encountered by human skeletal muscle in vivo. However, an alternative explanation might be that AMP only increased sufficiently to activate AMPK when subjects performed exercise in their unfamiliar discipline (i.e., when endurance-trained subjects undertook resistance exercise, or when strength-trained individuals undertook submaximal cycling). In support of this contention, all strength-trained subjects reported experiencing extreme difficulty completing 60 min of continuous cycling at the prescribed power output,
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whereas all endurance-trained individuals coped with the demands of this exercise task effortlessly. If, in the case of the strength-trained subjects, part of the cycling exercise bout was undertaken at an intensity above the individual lactate threshold, then aerobic and glycolytic ATP resynthesis rates would be insufficient to maintain steady-state [phosphocreatine] and the concentrations of AMP would rise. We (20) and others (23) have previously shown that during cycling exercise performed at the same "relative" intensity, activation of several signaling intermediates (including AMPK) was greater in skeletal muscle from untrained subjects than from highly trained cyclists with a prolonged history of endurance training, probably due to a better maintenance of the energy charge and a less pronounced exercise-induced acidification in exercise-trained muscle.
With regard to the increase in AMPK phosphorylation in endurance-trained subjects after resistance exercise, the recovery between maximal work bouts was possibly too short to allow for complete resynthesis of phosphocreatine. This would lead to an increase in AMP to a level that is sufficient for AMPK activation. Finally, as AMPK has a glycogen binding domain (24) and activity of AMPK is greater when skeletal muscle glycogen is low (25), we cannot exclude the possibility that greater net glycogen depletion occurred when subjects performed the unfamiliar exercise bout, compared with the habitual discipline. Unfortunately, adequate muscle sample was unavailable for analyses of glycogen and metabolite concentrations.
Along with AMPK, activation of PGC-1α has recently been proposed to partially mediate specific adaptations to endurance training (12) . Indeed, evidence for increased expression of PGC-1α in rodent skeletal muscle 12-18 h after a single bout of prolonged swimming exercise (26) and within 3 h of low-frequency electrical stimulation in vitro (12) has been provided, suggesting that increases in PGC-1α protein expression represents a key regulatory component of the stimulation of mitochondrial biogenesis by exercise. In the present study, cycling resulted in marked increases in PGC-1α mRNA in endurance-and strength-trained subjects, whereas resistance exercise had little effect on the mRNA expression. Although endurance exercise undoubtedly enhances PGC-1α mRNA expression, possibly through an AMPK-related mechanism (21), further work is required to directly link AMPK-PGC-1α signaling with chronic adaptations to exercise.
Akt and downstream proteins
Akt is a critical signaling mediator of cellular growth and metabolism in skeletal muscle (27) . Akt directly phosphorylates TSC2, activating mTOR, in part by deactivating TSC2 (28) . Akt can also directly phosphorylate (29) and activate mTOR (30) , and phosphorylation of both Akt and mTOR is increased during skeletal muscle hypertrophy (31) . Inhibition of mTOR activity blocks compensatory skeletal muscle hyperthrophy in vivo (32), while ablation or inhibition of p70S6k results in decreases in cell size (33) . Eukaryotic initiation factor eIF2 and its "exchange factor" eIF2B also play key roles in the regulation of protein synthesis and cell growth: phosphorylation of eIF2 inhibits eIF2B and thus translation initiation. Although phosphorylation of eIF2 serves to impair protein synthesis, it causes up-regulation of the translation of specific mRNAs that encode transcription factors, therefore exerting effects on gene expression at multiple levels.
In agreement with others (34, 35), we observed an increase in Akt phosphorylation on Ser 473 following cycling exercise in endurance-trained subjects. However, Akt phosphorylation on
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Thr 308 was unchanged. We are unaware of any data on the response of Akt after an acute bout of resistance exercise undertaken by strength-trained subjects, although a recent report provides evidence for increased Akt phosphorylation in endurance-trained cyclists after moderateintensity resistance exercise (36) . Interestingly, the increase in Akt phosphorylation in that study (35) was observed only when subjects commenced exercise with high (~600 mmol/kg dry mass) skeletal muscle glycogen content and not when pre-exercise glycogen levels were low (~200 mmol/kg dry mass). Phosphorylation of Akt deactivates GSK3, which under basal conditions is thought to promote activation of glycogen synthase (37) and inhibit eIF2B activity (38) . We observed an increase in eIF2B phosphorylation in skeletal muscle 3 h after strength-trained subjects performed resistance exercise, and a concomitant decrease in phosphorylation after these subjects undertook endurance exercise. Our results are in agreement with the previous findings (12) and taken collectively, suggest that resistance training activates a prolonged translation initiation, although the mechanism underlying this long-term effect remains unknown.
The involvement of p70 S6K in skeletal muscle hypertrophy has been implicated from a variety of work/force over-load models (8, 32, 39, 40) . Phosphorylation of p70 S6K and subsequent activation of ribosomal protein S6 enhances translation of mRNAs, encoding elongation factors and ribosomal proteins, thereby increasing translational capacity (41) . Resistance exercise in endurance-but not strength-trained subjects elicited a significant increase in p70 S6K phosphorylation after 3 h recovery (Fig. 3D ) and in ribosomal S6 protein phosphorylation immediately postexercise (Fig. 3F ). This finding is in agreement with previous work in humans (42) , which showed that p70 S6K phosphorylation was increased following resistance training in healthy untrained men 2 h postexercise when branch chain amino acids were administered. p70 S6K phosphorylation is also increased with high-frequency electrical stimulation and resistance training to induce cell growth and hypertrophy in rodents (8, 39, 41) . An explanation for the lack of change in p70 S6K and S6 protein in the strength-trained subjects following resistance exercise is that these proteins are already sufficiently up-regulated to accommodate any further strength gains that may occur after subsequent bouts of resistance exercise (i.e., negative feedback). This theory may also explain why phosphorylation of p70 S6K, a translational regulator, was only increased in endurance-trained subjects 3 h after resistance exercise. The increase in p70 S6K phosphorylation is consistent with the observation that phosphorylation of this protein and subsequent protein synthesis in skeletal muscle are only elevated in the longterm recovery period after an acute bout of resistance exercise undertaken by untrained subjects (42) and after in vitro electrical stimulation (8, 39) . These models are representative of skeletal muscle with large potential for plasticity to adapt (i.e., the malleability of structure and function has yet to be determined).
ERK1/2-p38 MAPK signaling
The specific responses of mitogen-activated protein kinases (MAPK) to different forms of exercise/contraction are incompletely understood. Indeed, previous investigations have established variable MAPK signaling responses with altered metabolic and mechanical stress, contraction modes, and training status following a variety of exercise stimuli (20, 23, (43) (44) (45) . In accordance with some (8) , but in contrast with other, studies (45) we found no evidence for exercise-specific or training-specific effects on either ERK1/2 and p38 phosphorylation (Fig. 4) . The ERK1/2 pathway has been proposed to play a role in the formation of slow muscle fibers and to inhibit the formation of fast muscle fibers (46, 47) . Although both forms of contraction were associated with a transient increase in ERK phosphorylation immediately postexercise and a return to resting values after 3 h of recovery, these changes failed to reach statistical significance. Both low-and high-frequency electrical stimulation of rodent skeletal muscle leads to increased ERK1/2 phosphorylation (12), suggesting that this pathway is involved in a general response to contractile activity. With regard to the responses of the p38 MAPK pathway to different exercise modalities, we found that when subjects undertook exercise in their nonfamiliar activity, p38 MAPK phosphorylation was increased. Contraction-induced phosphorylation of p38 MAPK is induced by high mechanical stress, which might partly explain the increase in phosphorylation after endurance-trained subjects performed heavy resistance exercise (i.e., mechanical loading to which the muscle was unaccustomed or poorly adapted) (45) . However in rodent skeletal muscle, p38 MAPK phosphorylation was unaltered in response to either low-or high-frequency electrical stimulation (12) . Our data support the contention that p38 MAPK is not always phosphorylated in response to contractile activity (12, 45) .
SUMMARY
Linking specific signaling cascades to specialized metabolic and gene regulatory responses that occur in response to different modes of exercise is complicated by the fact that signaling pathways are nonlinear and often constitute a complex and incompletely resolved network with a high degree of cross-talk, feedback regulation, transient activation, and redundancy (3). Although information pertaining to the subsets of genes and putative signaling pathways activated in response to different modes of contraction in humans is emerging (20, 48) , the mechanism for adaptive changes in skeletal muscle in response to training is incompletely resolved. Moreover, whether prior contractile activity (i.e., training history) affects the acute responses to divergent exercise stimuli is unknown. The results from the current study provide evidence that chronic endurance or strength training attenuates some of the exercise specific signaling responses involved in single-mode adaptations to training. Although we cannot rule out the possibility that pre-existing (genetic) differences between the two groups may also contribute to the acute exercise responses, we demonstrate that human skeletal muscle retains the capacity to respond to divergent contractile stimuli and that a degree of "response plasticity" is conserved at opposite ends of the endurance-hypertrophy adaptation continuum. Although selective activation of the AMPK-PGC-1α or PKB-TSC2-mTOR signaling pathways has been proposed to explain many of the specific adaptive responses to endurance or resistance training during in vitro electrically stimulated muscle contractions (12) , our in vivo findings provide little evidence for the putative AMPK-PKB(Akt) switch. 
